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Abstract. Despite great observational and theoretical effort, the burst progenitor is still a mysterious object.
It is generally accepted that one of the best ways to unveil its nature is the study of the properties of the close
environment in which the explosion takes place. We discuss the potentiality and feasibility of time resolved X–ray
spectroscopy, focusing on the prompt γ-ray phase. We show that the study of absorption features (or continuum
absorption) can reveal the radial structure of the close environment, unaccessible with different techniques. We
discuss the detection of absorption in the prompt and afterglow spectra of several bursts, showing how these are
consistent with gamma-ray bursts taking place in dense regions. In particular, we show that the radius and density
of the surrounding cloud can be measured through the evolution of the column density in the prompt burst phase.
The derived cloud properties are similar to those of the star forming cocoons and globules within molecular
clouds. We conclude that the burst are likely associated with the final evolutionary stages of massive stars.
INTRODUCTION
It is widely believed that a good way to understand which
is the progenitor of GRBs is by analyzing the properties
of the interstellar medium that surrounds the explosion.
This is because the fireball early self–similar evolution
erases all the traces of its initial condition and hence any
pre and during–explosion signature.
The three main classes of burst progenitor can be, in
principle, easily distinguished by mean of the properties
of their environment. If the burst are due to the merger
event of binary coalescing systems of neutron stars [1]
they are expected to take place in a uniform low density
(n ∼ 0.1−10 cm−3) intergalactic medium. This is due to
the fact that the binary system has a long life (∼ 109 y)
and a high proper motion (v ∼ 100−1000 km/s) and can
travel out of the original birth place before the merging
event (but see Perna et al., this volume)
If the explosion of a GRB is coincident with the explo-
sion of a massive rotating star (hypernovæ or collapsar,
Woosley, this volume), it has to be surrounded primarily
by the pre–explosion stellar wind. This wind will then
impact on the molecular cloud in which the star was born,
with a shock contact (terminal) discontinuity [2].
Finally, the bursts may be associated to supernova
explosions but with some delay (see the supranova model
[3]). In this case the burst should explode in an evacuated
cavity, surrounded by a supernova shell and eventually
by a molecular cloud medium.
These three radial profiles of the ambient media sur-
rounding GRBs are sketched in the left panel of Fig. 1,
where the solid line represents compact mergers and the
dashed and dotted lines represent hypernovae and supra-
novae, respectively.
In principle the density profile can be traced by mod-
elling the afterglow light curves and spectra. One must
however be aware that most afterglow data are taken be-
tween half a day and several months after the burst ex-
plosion. As it is shown in the right panel of Fig. 1, in
this period of time the fireball, no matter the progenitor
model, runs through a uniform medium, the only differ-
ence being the normalization (probably the most uncer-
tain of all the model parameters). The morphological dif-
ference of the left panel is then impossible to reconstruct
with present day measurements.
There are several alternatives in order to measure the
close environment density and structure. One is to be
fast. In principle, if one can have (as we will have in
the Swift era) detailed early time light curves, the whole
radial density structure can be measured. However, it is
likely that the emission mechanism of the afterglow gets
more complicated as we approach the explosion site:
reverse shock emission, late injection of energy from
the inner engine and the superposition with the radiation
from internal shocks will probably make the modeling of
early time afterglows a delicate issue.
FIGURE 1. Radial density profiles for different GRB progenitors. the solid line represent compact mergers and the dashed and
dotted lines represent hypernovae and supranovae, respectively. The left panel shows the pre–explosion setup, while in the right
panel only the range of radii that the fireball travels between an observer time t = 12 hours and t = 2 months is highlighted.
FIGURE 2. Opacity in the range [2-10] keV for a cloud with
solar metallicity, R = 3× 1018 cm and initial column density
NH(0) = 3×1021 cm−2. In the main panel, from top to bottom,
we plot the absorption at times t = 0, 10, 40, 80, 120 and 160
seconds. In the inset, the column density is shown as a function
of time. Filled dots mark the column densities corresponding to
the spectra plotted in the main panel.
An alternative is to look for echoes, i.e. photons that,
initially emitted at large angles with respect to the line of
sight, are scattered in the direction of the observer. Dust
[4], Compton [5] and iron line [6] echoes have been pro-
posed. Only iron lines have been securely observed, to
date [7]. The modelling of echoes presents two difficul-
ties: first, if GRB fireballs are highly collimated, there is
little room for echoes. Secondly, it is difficult to disentan-
gle photons scattered by a large angle at small distance
from the burst site from photons scattered at small angles
at a larger distance from the progenitor.
We here propose and analyze a method, based on
prompt time–resolved X–ray spectroscopy of the burst
photons, which is unbiased and rely on very well known
physics. The propagation of the photons in the ambient
medium will in fact imprint absorption features on the
soft X–ray spectra. These features will become less deep
as the ionization front expands, allowing us to measure
the density and the radial profile of the surrounding
material.
COLUMN DENSITY EVOLUTION
There are in principle two ways of exploiting time re-
solved X–ray spectroscopy. In case of very good quality
data, one can follow the opacity vs. time of a single, well
FIGURE 3. Evolution of the column density with time for
a uniform (solid line) and shell (dashed line) environments. In
both cases the initial column density is NH(0) = 1023 cm−2 and
the outer radius is R = 1 pc.
isolated feature. An example is the iron Kα photoioniza-
tion edge [8, 9] at 7.1 keV. This has the advantage of
being completely model independent. On the other hand,
the opacity of the iron edge for solar metallicity material
is very small, and a Thomson thick cloud is necessary in
order to observe a τFe > 1 feature.
At lower energies ([0.1-2] keV), the spectra are more
crowded and it is very difficult to follow a single tran-
sition. However, the opacity is much larger, and even
a τT < 0.01 cloud can yield a very easily measurable
signal. Usually the quantity of absorbing material is
parametrized through the quantity NH , i.e. the column
of solar metallicity cold material that would absorb the
same quantity of soft X–ray photons.
In the case of material surrounding GRBs, the assump-
tion of solar metallicity can be reasonable, but the mea-
sured NH is much different from the real column density
due to the progressive ionization the medium undergoes
as the burst photons propagate through it. In order to es-
timate the amount of absorbing material as a function of
time (which will show as NH in the spectra) we run many
photoionization simulations (see [10] for more details).
Fig. 2 shows the result of one of these simulations, in
terms of the frequency–resolved time dependent opacity
(main panel) and of the measured column density (inset).
The advantage of the method is that different radial den-
sity profiles will give different time evolutions of the NH
evaporation. For example, Fig. 3 shows the case of a uni-
form cloud and of a shell with the same initial column
density. The shell material is more difficult to photoion-
FIGURE 4. Evolution of the column density measured in the
prompt X–ray spectrum of GRB 980329 [11]. A uniform and
shell geometry for the absorbing column have been tested. The
best fit models, integrated over the same time intervals of the
data, are shown with a solid and a dashed line, for the uniform
and shell geometries, respectively. The inset shows the 1σ, 90
per cent and 99 per cent confidence contours for the two fitted
parameters. Again, solid contours refer to uniform density and
dashed contours to a shell geometry.
ize and the column density evolution is then slower.
Application to GRB data
Even though with limited spectral resolution and sta-
tistical quality, some time resolved column density mea-
surement have been performed with real data. We show
in Fig. 4 and Fig. 5 the cases of GRB 980329 [11], ob-
served with BeppoSAX and GRB 780506 [12]. In both
cases a fairly dense and compact region is derived as
a best fit to the data. The radial profile could not be
measured since in one case (GRB 980329) the error
bars of the measurement were too large and in the other
(GRB 780506) only one positive detection was made.
DISCUSSION
We have shown that time resolved X–ray spectroscopy
of the early phases of GRB emission can give us infor-
mations on the density and radial structure of the sur-
rounding material. Given the capabilities of present days
instrumentations, this can be effectively done in case of
fairly dense and compact regions. If we impose that the
FIGURE 5. Same as Fig. 4 but for GRB 780506 [12]. The
solid line shows the best fit model with NH(0) = 2×1023 cm−2
and R = 2 × 1017 cm integrated over the observed time in-
tervals. The inset shows the 1σ, 90 per cent and 99 per cent
contour levels for the two parameters and, with dashed lines,
isodensity contours for n = 106 and 107 cm−3.
column density must not be negligible after 1 second of
observation and that it must decrease by a factor of two
after 100 seconds of GRB emission, we find that, for a
uniform absorbing cloud, positive detections of NH vari-
ations should be performed if a GRB is surrounded by a
cloud with size and column density marked with the gray
shading in Fig. 6.
We compared these cloud properties with typical prop-
erties of molecular clouds and their overdense regions
in our Galaxy. We find that if GRBs take place in ran-
dom locations inside molecular clouds, their X–ray early
spectra should show no sign of photoionization absorp-
tion, since all the material is ionized on a time scale of
less than one second. On the other hand, massive stars
are thought to be born inside overdense and compact re-
gions within molecular clouds. If GRBs are associated
with these regions, evolution of the X–ray absorbing col-
umn should be detectable. In particular, the variable ab-
sorption observed in the spectra of GRB 980329 and
GRB 780506 can be explained if they were located in
regions with properties close to those of Bok globules.
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